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The asymmetric unit of the title compound, [Cu2(C 12 H 9 0 2 )4- 
(C 3 H 7 NO) 2 ], contains two independent centrosymmetric 
dinuclear copper(II) complexes. The central paddle-wheel 
units are formed by four bridging bidentate naphthalene-1- 
acetate ligands with two dimethylformamide ligands in the 
axial positions. The unique Cu 11 ions have slightly distorted 
square -pyramidal coordination geometries. One of the 
naphthalene rings is disordered over two sets of sites, with 
refined occpancies of 0.535 (4) and 0.465 (4). 

Related literature 

For coordination compounds of 1-naphthylacetate, see: Yin et 
al. (2010); Chen et al. (2004); Yang et al. (2008); Xia et al. 
(2006); Ji et al. (2011). 




Experimental 

Crystal data 

[Cu 2 (C 12 H 9 0 2 ) 4 (C 3 H 7 NO) 2 ] 

M, = 1014.04 

Triclinic, PI 

a = 10.6704 (7) A 

b = 12.3561 (8) A 

c = 20.7734 (14) A 

a = 74.8390 (11)° 

P = 84.898 (1)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
7" min = 0.945, 7/ m „ = 0.945 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.115 
S = 1.04 
8516 reflections 
630 parameters 



0.043 



y = 66.848 (1)° 
V = 2430.3 (3) A 3 
Z = 2 

Mo Ka radiation 
li = 0.94 mm -1 
T = 298 K 

0.10 x 0.10 x 0.10 mm 



18538 measured reflections 
8516 independent reflections 
7103 reflections with I > 2cr(/) 
R in , = 0.019 



16 restraints 

H-atom parameters constrained 
Aa,„ = 0.61 e A~ 3 
Ap mi „ = -1.25 e A~ 3 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The authors thank Jiangsu Marine Resources Development 
Research Institute and Huaihai Institute of Technology for 
support of this work. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LH5416). 
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Tetrakis(|i-naphthalene-1-acetato-K- 2 O:O0bis[(N,N-dimethylformamide- 
tfO)copper(ll)] 

Fu-Jun Yin, Yu Gu, Hong Zhao and Di-Si Bai 

Comment 

Naphthalene- 1 -yl-acetate acid is a plant-growth regulator and exhibits remarkable coordination versatility towards metal 
cations (Yin et ah, 2010; Chen et ah, 2004; Yang et ah, 2008; Xia et ah, 2006; Ji et ah, 2011). In continuation of the 
structural studies of metal complexes of this ligands, the crystal structure of the title compound was determined. 

The molecular structure of the title compound (I) (see Figs. 1 & 2), contains a centrosymmetric dinuclear copper 
paddle-wheel unit, in which each Cu 11 ion is coordinated by four O atoms from a naphthalen- 1 -yl-acetate ligand in the 
basal plane and one O atom of a AyV-dimethylformamide ligand in the axial position to form a square-pyramidal 
coordination geometry. Both independent molecules lie on crystallographic inversion centers. 

Experimental 

The title compound was synthesized by the reaction of Cu(N0 3 )2 x 3 H 2 0 (72.3 mg, 0.3 mmol), naphthalene- 1-yl-acetic 
acid (93 mg, 0.5 mmol), and NaOH (20 mg, 0.5 mmol) in 10 ml of AyV-dimethylformamide under solvothermal 
conditions. The mixture was homogenized and transferred into a sealed Teflon-lined solvothermal bomb (volume: 25 ml) 
and heated to 423K for three days. After cooling green crystals of the title compound were obtained, which were washed 
with distilled water and absolute ethanol (yield: 48.5% based on Cu(N0 3 )2 x 3 H 2 0). 

Refinement 

H atoms were placed in calculated positions, with C — H = 0.93 or 0.96 A and included in the final cycles of refinement 
using a riding model with C/ iso (H) = 1.2 or 1.5t/ eq (C). One of the naphthalene rings is disordered over two sets of sites 
with refined occpancies of 0.535 (4) and (0.465 (4). 

Computing details 

Data collection: APEX2 (Broker, 2007); cell refinement: SAINT (Bruker, 2007); data reduction: SAINT (Bruker, 2007); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 
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Figure 1 

The molecular structure of one of the independent molecules of (I) showing displacement ellipsoids at the 30% 
probability [symmetry code (A): -x+2, -y+1, -z+1]. 
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Figure 2 

The molecular structure of the other independent molecule of (I) showing displacement ellipsoids at the 30% probability, 
[symmetry code (A): -x+1, -y+2, -z]. 

Tetrakisfy/-naphthalene-1 -acetato- /e 2 0:0')bis[(iV,iV-dimethylformamide- ft-O)copper(ll)] 



Crystal data 

[CU2(C,2H,02)4(C3H 7 NO)2] 

M r = 1014.04 
Triclinic, PI 
Hall symbol: -P 1 
a = 10.6704 (7) A 
Z> = 12.3561 (8) A 
c = 20.7734 (14) A 
a = 74.8390 (11)° 
,5= 84.898 (1)° 
7 = 66.848 (1)° 
V= 2430.3 (3) A 3 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
tp and to scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 



Z=2 

P(000) = 1052 

D x = 1.386 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 7990 reflections 

6 = 2.2-26.9° 

ju = 0.94 mnr 1 

T=298K 

Block, green 

0.10 x 0.10 x 0.10 mm 



18538 measured reflections 
8516 independent reflections 
7103 reflections with I> 2a(T) 
Rm = 0.019 

#max = 25.0°, 8 min = 2.1° 



0.945, T m 



0.945 



h = -12— >12 
& = -14_>14 

/ = -24^24 
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Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F- > l^F 2 )] = 0.043 

wR(F*) = Q.\\5 

S = 1.04 

8516 reflections 

630 parameters 

16 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.0486P) 2 + 2.352P] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max = 0.001 
Ap max = 0.61 e A" 3 
Ap mta = -1.25 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 , The threshold expression of F 1 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. _/?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TT- *ITJ 


Cul 


0.86554 (3) 


0.53893 (3) 


0.496213 (16) 


0.03371 (10) 


01 


0.8617 (2) 


0.69486 (17) 


0.50264 (11) 


0.0474 (5) 


02 


0.8686 (2) 


0.48613 (19) 


0.59443 (10) 


0.0488 (5) 


03 


1.0954(2) 


0.4191 (2) 


0.60003 (10) 


0.0505 (5) 


04 


1.0886 (2) 


0.62875 (17) 


0.50813 (11) 


0.0478 (5) 


05 


0.65309 (19) 


0.59391 (19) 


0.47337 (11) 


0.0481 (5) 


Nl 


0.5038 (2) 


0.5742 (2) 


0.41095 (13) 


0.0501 (6) 


CI 


0.9708 (3) 


0.7076 (2) 


0.50813 (14) 


0.0396 (6) 


C2 


0.9582 (3) 


0.8313 (3) 


0.51355 (18) 


0.0518(8) 


H2A 


0.9535 


0.8829 


0.4690 


0.062* 


H2B 


0.8734 


0.8676 


0.5355 


0.062* 


C3 


1.0737 (3) 


0.8278 (3) 


0.55139 (17) 


0.0491 (7) 


C4 


1.1703 (3) 


0.8671 (3) 


0.51830 (19) 


0.0573 (8) 


H4 


1.1640 


0.8955 


0.4721 


0.069* 


C5 


1.2789 (4) 


0.8656 (3) 


0.5526 (2) 


0.0696 (10) 


H5 


1.3437 


0.8925 


0.5290 


0.083* 


C6 


1.2896 (4) 


0.8254 (4) 


0.6193 (2) 


0.0724(11) 


H6 


1.3610 


0.8263 


0.6414 


0.087* 


C7 


1.1946 (4) 


0.7819(3) 


0.6562 (2) 


0.0652 (9) 


C8 


1.0849 (3) 


0.7827 (3) 


0.62141 (19) 


0.0558 (8) 


C9 


0.9902 (4) 


0.7392 (4) 


0.6595 (2) 


0.0755 (11) 


H9 


0.9184 


0.7383 


0.6375 


0.091* 


CIO 


1.0003 (6) 


0.6988 (5) 


0.7266 (3) 


0.1008 (15) 


H10 


0.9356 


0.6716 


0.7502 


0.121* 


Cll 


1.1078 (7) 


0.6980 (5) 


0.7602 (3) 


0.1063 (17) 


Hll 


1.1148 


0.6701 


0.8064 


0.128* 



Occ. (<1) 
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0.6458 


A 1 /I /I /I 

0.1444 


a Am * 

0.093* 


A CI C /yl \ 

0.535 (4) 


H14B 


A T7 A /I 

0.7704 


0.6991 


0.1523 


A AA ") rfs 

0.093* 


0.535 (4) 


T-T1 AC 

H14C 


A /T A /T 1 
0.6961 


U.668 / 


U. lo5 1 


0.095* 


A A£Z t A\ 

U.4o5 (4) 


H14D 


A TAO A 

0.7984 


0.7121 


A 1 1 1 yl 

0.1174 


A AA1 >k 

0.093* 


A A /~ C / A \ 

0.465 (4) 


C42 


0.8463 (8) 


0.564/ (/) 


A \\ f\AQ i A\ 

0.1048 (4) 


a nnno ( 1 a\ 
0.0 / /8 (10) 


A C 1 C / A\ 

0.535 (4) 


(~< A O 

C43 


A AOAA /0\ 

0.9800 (8) 


A C A1 A /n\ 

0.5434 (7) 


A 1 1 lO / A'\ 

0.1138 (4) 


A ATI /1\ 

0.072 (2) 


A CI C //I \ 

0.535 (4) 


Hi oh) 


1.00z3 


A CAIO 

0.5938 


a i ion 
0. 15Z9 


A AOT* 

0.08 /* 


0.555 (4) 


C44 


1 AOC O /1 A\ 

1.0858 (10) 


f\ A A 1 O /OA 

0.4438 (8) 


0.0940 (6) 


A AOO \ 

0.082 (3) 


A C2 C //I \ 

0.535 (4) 


H44 


1 1 T/TC 

1.1 /65 


A /I 'J A/1 

0.4304 


A 1 A A 1 
0. 1001 


A AAO* 

0.098* 


A C 1 C //I \ 

0.535 (4) 


(~< A C 

L45 


1 AC /T A / 1 A\ 

1.0560 (10) 


a nm /a\ 

0.3701 (9) 


A A^TI ( A\ 

0.0672 (4) 


A AO 1 \ 

0.081 (3) 


A fir //i \ 

0.535 (4) 


T-T1 CD 

rllohi 


1.1263 


A 1AC/1 

U.3U54 


A A£ £ 1 
U.Uj J 1 


a nm* 


A £ iA\ 

U.535 (4) 


C46 


A fllA') /A\ 

0.9203 (9) 


0.3882 (7) 


A AC/"0 i A\ 

0.0568 (4) 


0.078 (2) 


0.535 (4) 


/~mo" 
C4/ 


a o 1 n /c^ 
0.812/ (8) 


0.48 /3 (6) 


A A*7CA f'~}\ 

0.0/59 (3) 


A AjCAT / 1 A\ 

0.069 / (19) 


A C 1 C / A\ 

0.535 (4) 


C48 


A tin A C /1 1\ 

0.6745 (12) 


A CAT -1 /n\ 

0.5034 (9) 


U.0661 (6) 


A 1 AO £. / 1 A\ 

U.1U86 (19) 


A Of / A \ 

0.535 (4) 


rlzlhi 


A /TAO o 

U.6U32 


U.J / 14 


A AT/1 C 

U.U /45 


A 1 in* 

U.l jU t 


a roc (A \ 

U.535 (4) 


C49 


0.6473 (13) 


A ^rtl /1 A\ 

0.4207 (10) 


A A A A A /"7\ 

0.0449 (7) 


A 1 AO/" /1 A \ 

0.1086 (19) 


0.535 (4) 


H22H 


a ccm 
0.5592 


A /I '(I A 

U.422U 


A A/1 Hf\ 

U.U4 /U 


A 1 1A* 

0.13U* 


A CO C i A \ 

U.535 (4) 


/" c a 

LoO 


0. /5o5 (11) 


U.jjUU (9) 


A A1 OC /CA 

U.U188 (5) 


A 1 AO/; / 1 A\ 

U.1U80 (IV) 


A CO. C (A \ 

U.535 (4) 


H23B 


0.7362 


0.2840 


A A A A H 

0.0047 


A 1 O Ask 

U.13U* 


A C O C t A \ 

0.535 (4) 


C5 1 


A OOOC / 1 1 \ 

0.8883 (11) 


ft 11 If /A\ 

U.J 115 (9) 


A AO OA 1 Z\ 

U.UZ84 (5) 


A 1 AO/C / 1 A\ 

U. lU8o (19) 


A C O C i A \ 

U.535 (4) 


H24B 


0.9583 


A 1 /I "7 A 

0.2470 


0.0158 


A 1 1 Ask 

U.13U* 


0.535 (4) 


C4z 


0. / 119 (Iz) 


A C OOI /1 A\ 

0.588Z (10) 


U.U8Z / (0) 


A 1 AO A (^ A\ 

U.lUz4 (14) 


a /i/:c { a\ 
U.4o5 (4) 


L43 


A £ AO C /I 1 \ 

0.6485 (11) 


A C 1 C O / 1 A\ 

0.5158 (10) 


A 1 O A A tn\ 

0.1209 (7) 


A 1 AO A ( 1 A \ 

U.1U24 (14) 


A A £ C f A \ 

U.465 (4) 


H16 


A jCI 1 O 

0.61 18 


a enn 
0.52 /9 


A 1 zCOA 

0. 1620 


A 1 0 1 * 

U.lzj* 


A A ZCC { A\ 

U.465 (4) 


C44 


A AO /1 1 \ 

0.6408 (11) 


A ylOAO / 1 A\ 

U.42U8 (1U) 


A AAC1 f C\ 

0.0953 (6) 


A 1 AO /I / 1 -1 A 

U.1U24 (14) 


A A ZCC { A\ 

U.465 (4) 


Ul'7' 

Ml / 


A /TA1 O 

0.6018 


a i/rgo 

U.jooS 


0. Izlz 


n in* 
U.lZJ 


a /i /rc //i \ 

U.465 (4) 


/"< /I c/ 

L45 


A £. A 11 /I T\ 

0.6911 (13) 


U.4048 (14) 


A AT 1 sn\ 

0.0316 (7) 


A 1 AO A i 1 A \ 

U.1U24 (14) 


A A £1 C f A \ 

U.465 (4) 


TT 1 Of 

Hlo 


U.6/83 


U.j4 /5 


A A 1 A A 
0.0144 


A 1 11* 

U.123* 


A A £C //I \ 

U.465 (4) 


f~\ Aft 

C46 


A T C A 1 /I 1 \ 

0.7591 (11) 


A A "7 A 1 / 1 A\ 

0.4747 (10) 


A AA A C //"\ 

-0.0045 (6) 


A 1 A1 /I / 1 A \ 

0.1024 (14) 


A A /~ C / A\ 

0.465 (4) 


C4 / 


A H ZC£ C / 1 1 \ 

U. /665 (11) 


A cene / 1 A\ 

U.5695 (1U) 


A AOAA 

{J.VIW (o) 


A 1 AO /I / 1 A \ 
U.1U24 (14) 


A A £C //I \ 

U.465 (4) 


C48' 


0.8347 (11) 


0.6422 (10) 


-0.0192 (6) 


0.1024(14) 


0.465 (4) 


H21' 


0.8411 


0.7054 


-0.0051 


0.123* 


0.465 (4) 


C49' 


0.8908 (14) 


0.6185(14) 


-0.0786 (7) 


0.1024(14) 


0.465 (4) 


H22' 


0.9348 


0.6661 


-0.1046 


0.123* 


0.465 (4) 


C50' 


0.8824 (14) 


0.5247 (13) 


-0.1000 (8) 


0.1024(14) 


0.465 (4) 
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TT^ O t 

til 3 




A C AO C 

U. 31)83 




A 1 1 C\H 


A 111* 


A A i A\ 

U.4o3 (4J 


C51' 


0.8184 (11) 


0.4587 


/ 1 A\ 

(10) 


-0.0659 (6) 


A 1 A1 A { 1 A \ 

0.1024 (14) 


A A S~ C { A \ 

0.465 (4) 


T 11 A t 

H24 


A O 1 1 O 

0.8118 


A 1 AO/" 

0.3986 




A AOIA 

-0.0829 


A 1114 

0.123* 


A A H C / A \ 

0.465 (4) 


C52 


0.1214 (4) 


1 A A 1 ") 

1.0013 


(4) 


A AO A C /1\ 

0.0845 (2) 


A AH A /" / 1 1\ 

0.0746 (12) 






C\ 1 1 O 1 

U.1181 


l.U/33 




A A A c r 


A AAA* 




C53 


A AAAO /C\ 

-0.0098 (5) 


0.8796 


(5) 


A A A f 1 /I \ 

0.0961 (2) 


A AOO/' / 1 A \ 

0.0886 (14) 




H26D 


A f\/T\ 1 

0.0601 


A O A A/" 

0.8406 




A A /" "70 

0.0678 


A 1 1 1 ± 

0.133* 




T-T76P 




0 0067 




U.U / JJ 


U.lJJ 




H26F 


-0.0059 


0.8230 




0.1382 


0.133* 




C54 


-0.0924 (5) 


1.0569 


(6) 


0.1441 (4) 


0.143 (3) 




H27D 


-0.0628 


1.1158 




0.1530 


0.215* 




H27E 


-0.1064 


1.0064 




0.1856 


0.215* 




H27F 


-0.1763 


1.0981 




0.1189 


0.215* 




Atomic displacement parameters (A 2 ) 




U n 


U 12 


U 33 


U n 


U" 


IP 


Cul 


0.02974 (17) 


0.03313 (17) 


0.04065 (19) -0.01368 (13) 


-0.00106 (13) 


-0.01000(13) 


01 


0.0385 (11) 


0.0370 (10) 


0.0708 (14) 


-0.0141 (9) 


-0.0009(10) 


-0.0200 (10) 


02 


0.0444 (12) 


0.0598 (13) 


0.0414 (11) 


-0.0218 (10) 


0.0018(9) 


-0.0085 (10) 


03 


0.0453 (12) 


0.0674 (14) 


0.0395 (11) 


-0.0258 (11) 


0.0002 (9) 


-0.0074 (10) 


04 


0.0395 (11) 


0.0347 (10) 


0.0728 (15) 


-0.0128 (9) 


-0.0053 (10) 


-0.0195 (10) 


05 


0.0326(10) 


0.0517(12) 


0.0615 (13) 


-0.0155 (9) 


-0.0056 (9) 


-0.0155 (10) 


Nl 


0.0376 (13) 


0.0526(15) 


0.0572 (16) 


-0.0145 (12) 


-0.0109(12) 


-0.0098 (12) 


CI 


0.0411 (16) 


0.0341 (14) 


0.0448 (16) 


-0.0141 (12) 


-0.0023 (12) 


-0.0113(12) 


C2 


0.0467 (17) 


0.0347 (15) 


0.077 (2) 


-0.0139(13) 


-0.0058 (16) 


-0.0184(15) 


C3 


0.0483 (17) 


0.0318 (14) 


0.071 (2) 


-0.0140(13) 


-0.0024 (15) 


-0.0193 (14) 


C4 


0.058 (2) 


0.0420(17) 


0.076 (2) 


-0.0208 (15) 


-0.0008 (17) 


-0.0174(16) 


C5 


0.055 (2) 


0.066 (2) 


0.098 (3) 


-0.0314(18) 


0.002 (2) 


-0.024 (2) 


C6 


0.052 (2) 


0.072 (2) 


0.102 (3) 


-0.0239 (19) 


-0.015 (2) 


-0.030 (2) 


C7 


0.062 (2) 


0.059 (2) 


0.076 (3) 


-0.0163 (18) 


-0.0079(19) 


-0.0277 (19) 


C8 


0.0523 (19) 


0.0468 (17) 


0.076 (2) 


-0.0185(15) 


0.0017(17) 


-0.0286 (17) 


C9 


0.084 (3) 


0.086 (3) 


0.074 (3) 


-0.046 (2) 


0.009 (2) 


-0.029 (2) 


CIO 


0.122 (4) 


0.119(4) 


0.086 (3) 


-0.071 (4) 


0.018(3) 


-0.031 (3) 


Cll 


0.134 (5) 


0.117(4) 


0.069 (3) 


-0.052 (4) 


0.002 (3) 


-0.020 (3) 


C12 


0.091 (3) 


0.097 (3) 


0.089 (3) 


-0.030 (3) 


-0.020 (3) 


-0.032 (3) 


C13 


0.0501 (18) 


0.0445 (16) 


0.0413 (16) 


-0.0262 (14) 


0.0009 (14) 


-0.0101 (13) 


C14 


0.067 (2) 


0.079 (2) 


0.0399 (17) 


-0.0407 (19) 


-0.0023 (15) 


-0.0066(16) 


C15 


0.0529(18) 


0.0597 (19) 


0.0338 (15) 


-0.0212 (16) 


-0.0022 (14) 


0.0013 (14) 


C16 


0.091 (3) 


0.087 (3) 


0.043 (2) 


-0.025 (2) 


0.011 (2) 


-0.0122(19) 


C17 


0.083 (3) 


0.146 (5) 


0.060 (3) 


-0.016 (4) 


0.029 (2) 


-0.008 (3) 


C18 


0.063 (3) 


0.149 (5) 


0.072 (3) 


-0.046 (3) 


0.004 (2) 


0.036 (3) 


C19 


0.063 (2) 


0.090 (3) 


0.066 (2) 


-0.042 (2) 


-0.020 (2) 


0.031 (2) 


C20 


0.0502 (19) 


0.058 (2) 


0.0472(18) 


-0.0207 (16) 


-0.0111 (15) 


0.0117(15) 


C21 


0.082 (3) 


0.052 (2) 


0.075 (3) 


-0.018(2) 


-0.008 (2) 


-0.0012(19) 


C22 


0.157(6) 


0.056 (3) 


0.116(4) 


-0.025 (3) 


-0.029 (4) 


-0.010(3) 


C23 


0.212 (9) 


0.073 (4) 


0.160 (7) 


-0.081 (5) 


-0.068 (6) 


0.027 (4) 


C24 


0.120 (5) 


0.106 (5) 


0.129 (5) 


-0.080 (4) 


-0.053 (4) 


0.049 (4) 


C25 


0.0348 (15) 


0.0483 (17) 


0.0558 (19) 


-0.0123 (13) 


-0.0044 (14) 


-0.0098 (14) 


C26 


0.0378 (18) 


0.063 (2) 


0.091 (3) 


-0.0095 (16) 


-0.0100(17) 


-0.012 (2) 
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Cz / 


U.UoV (J ) 


A AO/1 /OA 

0.0y4 (3 ) 


A AQO (1\ 

O.OoV (3 ) 


O AOO /OA 

— 0.0Z / (z) 


A AOO /OA 

— O.OZZ (Z) 


A AO C /OA 

—0.035 (z) 


Cuz 


A AT 1 C /"I A 
0.0/1 5 (J) 


0.1z53 (4) 


A A1 C C ZO\ 

0.0355 (Z) 


A A/IA') /OA 

— 0.Uoy3 (3) 


A AA1 CO /1 OA 

o.ooi5z (iy) 


A AA^CO /OA 

—0.0063 (z) 


f \ s 

(Jo 


A AO/1 A / 1 Ti 

0.0 /40 (1 /) 


A 1 AC /OA 

0.1U5 (z) 


AA/IO /1T\ 

0.U453 (13) 


A AC 1 / 1 zCA 

—0.0516 (16) 


O AAAA /1 OA 

— u.oooy (iz) 


A A11A /IOA 

-0.013y (13) 


V 1 


a a/;o/; / 1 /;a 
0.0636 (16) 


A AGO /OA 

o.oyy (zj 


A ACTO /1 ^A 

0.05 /y (15J 


A A/100 /1 ^A 

— 0.04Z3 (15) 


A A 1 OO /1 OA 

O.OlZZ (lz) 


AA10/1 /1/1A 

—0.0134 (14) 


AO 

Uo 


Alio /OA 

0.113 (z) 


A 1 HI f1\ 
0. 1 ID {J) 


A A/1 /^ 1 /1 ^A 

0.0461 (15J 


A 1 a/; /OA 
— 0.106 (z ) 


AA110 /1CA 

0.01 lz (15) 


A OOOO /1 OA 

— O.Uz /o (1 /) 


uy 


A /1 Q\ 

0.0 /5z (18) 


A 1 CA /^}\ 

0.150 (3) 


A AC/1C /1 C\ 

0.0545 (15) 


A AOO /OA 

—0.0 /Z (Z) 


A A 1 AO / 1 1 A 

— o.oioy (13) 


A AAjCC /1 OA 

0.0065 (1 /) 


U10 


A A/iC/1 /1 OA 

0.0654 (1 /) 


A 1 1 /I /OA 

0.1 14 (z) 


a c\c.(\c /1 /;a 
0.0606 (16) 


A ACO A /1 OA 

—0.0584 (1 /) 


A AA1 1 /1 "5 A 

0.0033 (13) 


A OAOO /1 CA 

—0.003 / (15) 


XTO 

JNz 


A A/1 n / 1 OA 

0.04/ / (1 /) 


A (\H A /OA 

0.0 /4 (zj 


A AO 1 /OA 

0.081 (z) 


A AO A C / 1 CA 

— 0.0Z45 (15) 


A AAOO /1 CA 

—0.00/8 (15) 


A AA A £L / 1 OA 

—0.0046 (1 /) 


Cz8 


A AOO /OA 

0.08 / (3) 


A AO/1 /1A 

0.0V4 (3) 


A A1 /I 0 /1 OA 

0.0348 (18) 


A ACO /OA 

—0.053 (z) 


A OAOO /1 OA 

— o.ooy / (18) 


O OOOO /1 OA 

— 0.000Z (1 /) 


czy 


A AAC /OA 

o.oy5 (3) 


A (\HQ /1A 

0.0 /o (3) 


A A/1 /OA 

0.046 (Z) 


A A/1 1 /OA 

—0.041 (Z) 


A A 1 O O / 1 AA 

—o.oizz (iy) 


A AACO /1 OA 

— U.005 / (18) 


C30 


A ACflfl /I OA 

0.0500 (18) 


A f\£1 /OA 

0.063 (z) 


A A/1 1 C /1 OA 

0.0435 (1 /) 


A AO A 1 /1 <£A 
— 0.0Z41 (16) 


O AOOO /1 A A 

— 0.003y (14) 


O A1 OO /1 CA 

—0.0108 (15) 


C31 


a aztc /'^^ 
0.065 (Z) 


A (\HH /1A 

0.0/ / (3) 


A ACO ZO\ 

o.o5y (z) 


A A 1 C /OA 

—0.015 (z) 


O AAO C / 1 OA 

— U.00z5 (18) 


A AOO /OA 

— 0.0z8 (Z) 


tjz 


A AOO /OA 
0.0 /V (3) 


A A/^A /OA 

O.OoO (ZJ 


A AQ^ /QA 

0.085 (3 ) 


A OA/; /OA 

—0.006 (Zj 


A AO 1 /OA 

— O.Ozl (z) 


a ai/: /OA 
0.0 1 6 (z ) 


C33 


A AOC /OA 

0.085 (J) 


A AT) /TA 

0.0 /z (3) 


A A/^A /OA 

0.060 (z) 


A OOA /OA 

—0.030 (z) 


O A1 O /OA 

—0.018 (z) 


A AA/; /OA 

0.006 (Z) 


C34 


A ACC /Tv 

0.055 (z) 


A A*70 /OA 

0.U /5 (z) 


A A/1 /I O / 1 OA 

0.0443 (18) 


A AO C A / 1 OA 

— 0.U350 (18) 


A AAAjC /1 CA 

—0.0006 (15) 


A AAO A / 1 £A 

—0.0084 (16) 


C35 


A A1 O/C / 1 /CA 

0.0386 (16) 


A A/CC ZO\ 

0.065 (z) 


A A/1 £LH / 1 OA 
0.046 / (1 /) 


A AOO O / 1 CA 

— 0.0zz8 (15) 


A AAA/1 /1 OA 

— U.0004 (13) 


A A1 CO /1 CA 

— U.015Z (15) 


Loo 


A AC 1 /OA 

0.051 (z) 


O /OA 

U.O /6 \l) 


A A/^*7 /OA 
0.06 / (Z) 


A A 1 OO /1 OA 

—0.01 /3 (18) 


O AOOO /1 OA 

— o.ooyy (i /) 


A AO A O / 1 OA 

— o.oz4y (iy) 


pin 

C3 / 


A A/1 O /OA 

0.048 (z) 


A 1 1 A /T A 

0.110 (3) 


A 1 A A //I A 

0.100 (4) 


A O 1 O /OA 

— O.Olz (z) 


O AA/1 /OA 

—0.004 (z) 


A A£A /OA 

—0.060 (3) 


C38 


A AC C /OA 

0.055 (z) 


A 1 CO /C\ 

0.15Z (5) 


A f\HC\ {")\ 

0.070 (3) 


A AO O /O A 

—0.038 (3) 


A A 1 /I /OA 

0.014 (z) 


A AC C /O A 

-0.055 (3) 


C3y 


a mc /oa 
0.0/5 (J) 


a 1 n //i \ 
O.lz / (4) 


A A/1 /OA 

0.046 (z) 


A ACO /OA 

—0.05 / (3) 


A AAOO /1 OA 

o.oo/ / (iy) 


A A1 O /OA 

—0.01 / (z) 


C40 


A AO/; /OA 
0.0 /6 (3) 


A 1 AO /1A 

0. 10U (3 J 


A A1O0 / 1 OA 

0.03yz (18) 


A A/1 /I /OA 

—0.044 (z) 


A AAOC /1 OA 

0.00/5 (1 /) 


O AOOO /1 OA 

— o.oz /3 (iy) 


C41 


A AT") /OA 
0.0 /Z (Z) 


A ATI /OA 

0.0/3 (z) 


A AO/: /1A 

0.086 (3) 


A AOO O /1 OA 

— o.ozz8 (iy) 


A AAr/ /I OA 

0.0066 (iy) 


A AO/ /OA 

— O.Ozo (Z) 


C4z 


A All /1\ 

0.0/z (z) 


A AT) /1\ 

0.073 (z) 


0.086 (3) 


A AO O O / 1 AA 

— o.ozz8 (iy) 


A /1 AA 

0.0066 (iy) 


A AO /. /OA 

— 0.0z6 (z) 


C43 


a ao/i /ca 
0.0/4 (5) 


A AT 1 /CA 
0.0/1 (5J 


A AjC A ( A\ 

0.060 (4) 


A AOO //1A 

— O.OZZ (4) 


A AAO //1A 

—0.00/ (4) 


A AA 1 /I A 

—0.001 (3) 


C44 


A AOC /£A 

0.0/5 (6) 


a nzi /^a 
0.053 (5 ) 


O 1 1 1 /OA 

0.111 (/) 


A AO 1 //I A 

— 0.0Z1 (4) 


o oo/; ( <\ 
—0.006 (5) 


a An /CA 

0.01 3 (5) 


C45 


A AO A /n\ 

0.080 (7) 


A AT) /C\ 

0.073 (5) 


A (\C 1 /C\ 

0.061 (5) 


A AAC /CA 

—0.005 (5) 


A A 1 C /CA 

0.015 (5) 


A A 1 1 //I A 

-0.013 (4) 


C46 


A 1 1 A /*7A 

0.110 (7) 


A AC //I \ 

0.056 (4) 


A AC 1 / A\ 

0.051 (4) 


A A 1 O /A A 

—0.018 (4) 


A AA/f / A A 

-0.006 (4) 


A A A A /O A 

-0.004 (3) 


ft/in 

C4 / 


A AO 1 /CA 

0.081 (5) 


A AC/: /yl \ 

U.U36 (4) 


A AC A (A A 

0.054 (4) 


A A 1 1 //I A 

—0.013 (4) 


A AAA //I A 

0.000 (4) 


A AA"7 {~}\ 

— U.UU/ (3) 


/ • 1 Q 

C48 


A 1 TO /CA 

0.1 3z (5 ) 


n no 1 /o\ 

U.Uol (i) 


O 1 1 O //I A 

0.11/ (4) 


A AO £. /OA 

—0.036 (3 ) 


O OO 1 //I A 

—0.0Z1 (4) 


n A1A /"2A 
— U.U3U (S) 


C49 


A 1 T1 /f\ 

0.132 (5) 


A AO 1 /T \ 

U.U81 (3) 


a i n //i \ 

0.117 (4) 


A AO £L /O A 

—0.036 (3) 


A AO 1 / A A 

—O.Ozl (4) 


A A") A /") \ 

— U.U3U (3) 


CM) 


0.132 (3) 


A AO 1 \ 

U.Usl (3) 


A 1 1 9 i A \ 
U. 1 1 / (4) 


A AO C /O A 

—0.036 (3) 


A AO 1 (A A 

—O.Ozl (4) 


A A "5 A {~1 \ 

— U.U3U (3) 


i 


a 1 to 
0.132 (3) 


A AO 1 

U.Usl (3) 


a in t a\ 
U. 1 1 / (4) 


A AO z; /O A 

—0.036 (3) 


A AO 1 //I A 

—O.Ozl (4) 


— U.U3U (3) 


/~M O' 

C4Z 


A AOA /"2\ 

u.uyu (j) 


U.Uoz (jj 


A 1 1 /l 

U.l 14 (J J 


A AA/^O /1 OA 

—0.0068 (iy) 


A A 1 O /OA 

— o.o iy (Z) 


A AO /I /'OA 

— U.Uz4 (zj 


C43 


A AHA /I \ 

u.uyu (3) 


A AOO /"3 \ 

U.US2 (3) 


U.114 (3) 


A AAjCO /1 OA 

—0.0068 (iy) 


A A 1 O /OA 

— o.o iy (z) 


A AO A ZO\ 

— U.U24 (z) 


/~M A ' 

C44 


A AAA /"3\ 
U.UyU (3) 


A AOO /"3 \ 

U.US2 (3) 


U.114 (3) 


A AAjCO /1 OA 

—0.0068 (iy) 


A A 1 O /OA 

-o.o iy (z) 


A AO yl ZO\ 

— U.U24 (z) 


C45 


A AAA /"2A 

u.uyu (3) 


A AOO 

U.US2 (3) 


A 11/1 /OA 

U.114 (3) 


A AA£0 /1 OA 

—0.0068 (iy) 


A A 1 O /OA 

— o.o iy (z) 


A AO /I ZO\ 

— U.U24 (z) 


C46 


A AO A /"2A 

u.uyu (jj 


A AOO S1\ 

U.Uoz (j) 


A 1 1 /I t1\ 

U.l 14 (J J 


A oa/;o /1 OA 

— 0.U068 (iy) 


A A1 O /OA 

— o.o iy (z ) 


A AO A /'OA 

— U.Uz4 (zj 


C4/ 


A AAA /"3 \ 

u.uyu (3) 


A AOO /"5 A 

U.U82 (3) 


A 1 1 -1 /*} \ 

U.114 (3) 


A AAjCO / 1 OA 

—0.0068 (iy) 


A A1 O /OA 

— o.oiy (z) 


A AO A ZO\ 

— U.U24 (z) 


/"M o' 
C48 


A AAA /"3\ 

u.uyu (3) 


A AOO /"5 A 

U.U82 (3) 


A 1 1 -1 /*} \ 

U.114 (3) 


A AAjCO /1 OA 

— 0.U068 (iy) 


A A1 O /OA 

-o.oiy (z) 


A AO A ZO\ 

— U.U24 (zj 




n non 

U.U7U J 


0 08? 


o 1 14 n"i 

W. 1 It ^JJ 


—0 0068 /'I Q'i 


—0 01 Q (1\ 


—0 094 O"! 

U.UZ4 I Z 1 


C50' 


o.oyo (3) 


0.082 (3) 


0.114(3) 


-0.0068 (19) 


-0.019 (2) 


-0.024 (2) 


C51' 


0.090 (3) 


0.082 (3) 


0.114(3) 


-0.0068 (19) 


-0.019 (2) 


-0.024 (2) 


C52 


0.059 (2) 


0.066 (2) 


0.091 (3) 


-0.032 (2) 


-0.019 (2) 


0.011 (2) 


C53 


0.083 (3) 


0.123 (4) 


0.080 (3) 


-0.069 (3) 


-0.002 (2) 


-0.011 (3) 


C54 


0.068 (3) 


0.132 (5) 


0.221 (8) 


-0.018 (3) 


0.027 (4) 


-0.071 (5) 
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Geometric parameters (A, ") 



Cul— 01 


1.9501 (19) 


09— Cu2 a 


1.974 (3) 


Cul— 04' 


1.9578 (18) 


010— C52 


1.230 (5) 


Cul— 02 


1.972 (2) 


N2— C52 


1.312(5) 


Cul— 03' 


1.980 (2) 


N2— C53 


1.439 (5) 


Cul— 05 


2.1535 (19) 


N2— C54 


1.452 (6) 


Cul— Cul' 


2.6485 (6) 


C28— C29 


1.516(5) 


01— CI 


1.253 (3) 


C29— C30 


1.516(5) 


02— C13 


1.254 (4) 


C29— H2B1 


0.9700 


03— C13 


1.251 (4) 


C29— H2B2 


0.9700 


03— Cul 1 


1.980 (2) 


C30— C31 


1.361 (5) 


04— CI 


1.251 (3) 


C30— C35 


1.422 (4) 


04— Cul 1 


1.9578 (18) 


C31— C32 


1.407 (6) 


05— C25 


1.236 (4) 


C31— H4B 


0.9300 


Nl— C25 


1.309 (4) 


C32— C33 


1.349 (6) 


Nl— C26 


1.444 (4) 


C32— H5B 


0.9300 


Nl— C27 


1.457(4) 


C33— C34 


1.395 (5) 


CI— C2 


1.514(4) 


C33— H6B 


0.9300 


C2— C3 


1.501 (4) 


C34— C39 


1.416(5) 


C2— H2A 


0.9700 


C34— C35 


1.428 (5) 


C2— H2B 


0.9700 


C35— C36 


1.415 (5) 


C3— C4 


1.365 (5) 


C36— C37 


1.362 (5) 


C3— C8 


1.413 (5) 


C36— H9B 


0.9300 


C4— C5 


1.405 (5) 


C37— C38 


1.391 (7) 


C4— H4 


0.9300 


C37 — HI OB 


0.9300 


C5— C6 


1.343 (6) 


C38— C39 


1.352 (7) 


C5— H5 


0.9300 


C38— HUB 


0.9300 


C6— C7 


1.407 (6) 


C39— H12B 


0.9300 


C6— H6 


0.9300 


C40— C41 


1.521 (6) 


C7— C12 


1.409 (6) 


C41— C42 


1.532 (8) 


C7— C8 


1.424 (5) 


C41— C42' 


1.575 (12) 


C8— C9 


1.414 (5) 


C41— H14A 


0.9700 


C9— CIO 


1.351 (6) 


C41— H14B 


0.9700 


C9— H9 


0.9300 


C41— H14C 


0.9700 


CIO— Cll 


1.390 (7) 


C41— H14D 


0.9700 


CIO— H10 


0.9300 


C42— C43 


1.365 (11) 


Cll— C12 


1.361 (7) 


C42— C47 


1.418 (10) 


Cll— HI 1 


0.9300 


C43— C44 


1.431 (13) 


C12— H12 


0.9300 


C43— H16B 


0.9300 


C13— C14 


1.519(4) 


C44— C45 


1.329 (13) 


C14— C15 


1.498 (4) 


C44 H44 


0.9300 


C14— H14E 


0.9700 


C45— C46 


1.403 (11) 


C14— H14F 


0.9700 


C45— H18B 


0.9300 


C15— C16 


1.361 (5) 


C46— C51 


1.394 (12) 


CI 5— C20 


1.419(5) 


C46— C47 


1.429(10) 


C16— C17 


1.402 (7) 


C47— C48 


1.434 (13) 


C16— H16A 


0.9300 


C48— C49 


1.348 (15) 


C17— C18 


1.347 (8) 


C48— H21B 


0.9300 


CI 7— H17A 


0.9300 


C49— C50 


1.444(12) 
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C18— C19 
C18— H18A 
CI 9— C20 
CI 9— C24 
C20— C21 
C21— C22 
C21— H21A 
C22— C23 
C22— H22A 
C23— C24 
C23— H23A 
C24— H24A 
C25— H25A 
C26— H26A 
C26— H26B 
C26— H26C 
C27— H27A 
C27— H27B 
C27— H27C 
Cu2— 08" 
Cu2— 07 
Cu2— 06 
Cu2— 09" 
Cu2— 010 
Cu2— Cu2 u 

06— C28 

07— C40 

08— C28 

08— 002" 

09— C40 



1.393 (7) 

0.9300 

1.417(5) 

1.420 (8) 

1.412(5) 

1.369 (6) 

0.9300 

1.396 (10) 

0.9300 

1.321 (10) 

0.9300 

0.9300 

0.9695 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

1.962 (3) 

1.967 (3) 

1.970 (3) 

1.974 (3) 

2.143 (2) 

2.6455 (8) 

1.254 (4) 

1.252 (5) 
1.251 (5) 
1.962 (3) 

1.253 (5) 



C49- 
C50- 
C50- 
C51- 
C42' 
C42'- 
C43' 
C43' 
C44' 
C44'- 
C45' 
C45' 
C46' 
C46' 
C47'- 
C48' 
C48'- 
C49' 
C49'- 
C50' 
C50' 
C51' 
C52- 
C53- 
C53- 
C53- 
C54- 
C54- 
C5 



H22B 

C51 

H23B 

H24B 

-C43' 

-C47' 

-C44' 

-H16' 

-C45' 

-H17' 

-C46' 

-HI 8' 

-C51' 

-CAT 

-C48' 

-C49' 

-H21' 

-C50' 

-H22' 

-C51' 

-H23' 

-H24' 

H25B 

H26D 

H26E 

H26F 

H27D 

H27E 

H27F 



0.9300 

1.361 (12) 

0.9300 

0.9300 

1.377 (16) 

1.399 (16) 

1.442(16) 

0.9300 

1.416(14) 

0.9300 

1.375 (18) 

0.9300 

1.399 (13) 

1.437 (15) 

1.430 (13) 

1.373 (14) 

0.9300 

1.380 (15) 

0.9300 

1.297(14) 

0.9300 

0.9300 

0.9636 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 



01—001—04' 


167.77 (8) 


08— C28— 06 


126.3 (4) 


01— Cul— 02 


89.29 (9) 


08— C28— C29 


117.5 (3) 


04'— Cul— 02 


89.56 (9) 


06— C28— C29 


116.1 (4) 


01— Cul— 03' 


89.33 (9) 


C28— C29— C30 


113.0(3) 


04'— Cul— 03' 


89.23 (9) 


C28— C29— H2B1 


109.0 


02— Cul— 03' 


167.86 (8) 


C30— C29— H2B1 


109.0 


01— Cul— 05 


98.64 (8) 


C28— C29— H2B2 


109.0 


04'— Cul— 05 


93.52 (8) 


C30— C29— H2B2 


109.0 


02— Cul— 05 


101.74 (8) 


H2B1— C29— H2B2 


107.8 


03'— Cul— 05 


90.39 (8) 


C31— C30— C35 


118.9(3) 


01— Cul— Cul 1 


86.47 (6) 


C31— C30— C29 


121.7 (3) 


04'— Cul— Cul' 


81.31 (6) 


C35— C30— C29 


119.5 (3) 


02— Cul— Cul' 


86.99 (6) 


C30— C31— C32 


122.0 (4) 


03'— Cul— Cul 1 


80.89 (6) 


C30— C31— H4B 


119.0 


05— Cul— Cul' 


169.88 (6) 


C32— C31— H4B 


119.0 


CI— 01— Cul 


120.12 (17) 


C33— C32— C31 


119.7(4) 


CI 3— 02— Cul 


119.63 (19) 


C33— C32— H5B 


120.1 


CI 3— 03— Cul' 


126.54 (19) 


C31— C32— H5B 


120.1 
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LI — 04 — Cul 


lz5.8o (18) 


PIC r~\r p. . i 

C25 — 05 — Cul 


in i o / 1 a\ 

117.18 (19) 


C25 — Nl — C26 


1 o a a /"? \ 

120.9 (3) 


C25 — Nl — C27 


1 *■>/> n /i\ 
122.2 (3) 


C26 — Nl — C27 


116.9 (3) 


j p -1 p. -1 

04 — CI — Ol 


11/^1 /O \ 

126.2 (2) 


04 — CI — C2 


in « /i\ 

117.2 (2) 


Ol — CI — C2 


116.5 (2) 


C3 — Cz — CI 


113.8 (2) 


PA p A TTO A 

C3 — Cz — Hz A 


1 AO O 

108.8 


P 1 PA T T1 A 

C 1 — Cz — Hz A 


1 AO O 

108.8 


pi p A TTOT) 

C3 — Cz — HzB 


1 AO O 

108.8 


C 1 — Cz — HzB 


1 AO O 

108. o 


Til a pi TTITi 

H2A — C2 — H2B 


107.7 


f- * A /"I A /"I O 

C4 — C3 — C8 


119.2 (3) 


C4 — C3 — C2 


1 OA 1 /I \ 

120.2 (3) 


Co — C3 — C2 


1 AA £ f"f \ 

120.6 (3) 


p A p -I PC 

C3 — C4 — C5 


121.3 (4) 


P A ,1 T T A 

C3 — C4 — H4 


119.3 


PC A TT A 

C5 — C4 — H4 


HA A 

119.3 


p s p c p a 

Co — C5 — C4 


1 OA A i A \ 

120.4 (4) 


P /_ PC TTf 

Co — C5 — H5 


1 1 A O 

119.8 


p a f i c T TC 

C4 — C5 — H5 


119.8 


C5 — Co — C7 


1U r\ fy \ 

121.0 (3) 


r*£. u£ 
CD — Co — Ho 


119.3 


C7 — Co — Ho 


119.5 


p s- /-^n p 1 i 

C6 — C7 — C12 


1H C\ i A \ 

122.9 (4) 


Co — C7 — C8 


1 1 O £L { A \ 

118.6 (4) 


C12 — C7 — Co 


1 1 O A ( A\ 

118.4 (4) 


p A p o f ' ( \ 

C3 — C8 — C9 


122.8 (3) 


PA p O P"7 

C3 — C8 — C7 


119.4 (3) 


pa p o m 

C9 — C8 — C7 


117.7 (4) 


CIO — C9 — Co 


in t / a\ 

122.3 (4) 


CIO — C9 — H9 


118.9 


pi o /- < r\ t T /\ 

C8 — C9 — H9 


118.9 


C9 — CIO — Cll 


1 1 A "7 SC\ 

119.7 (5) 


p l\ pi a TT1A 

C9 — C1U — H10 


1 ^>A 1 

120.1 


p 1 1 1 /\ TT1 A 

Cll — CIO — H10 


120.1 


L12 — Cll — CIO 


120.6 (5) 


p i i pi i tt 1 1 

Clz — Cll — Hll 


1 1 A "7 

119.7 


pi A pi 1 TT11 

CIO — Cll — Hll 


1 1 A *7 

119.7 


p 1 1 pi a p -7 

Cll — C12 — C7 


1 A1 O / A \ 

121.3 (4) 


tti i 

Cll — C12 — H12 


1 1 A /I 

119.4 


C7 — CI 2— H12 


119.4 


03— CI 3— 02 


125.9(3) 


03— CI 3— C 14 


115.4 (3) 


02— CI 3— C 14 


118.6(3) 


C15— C14— C13 


117.5 (3) 


C15— C14— H14E 


107.9 



p "> ^> p -) -> p o /i 

CJz — Cii — C34 


111 A, { A \ 

ill. 1 (4) 


PAA pAA TT/"T) 

C32 — C33 — H6B 


1 1 A A 

119.4 


C34 — C33 — H6B 


1 1 A A 

119.4 


/ill r^~i a f"^ n 

C33 — C34 — C39 


1 11 C { A \ 

\22.5 (4) 


PAA PA /I PA C 

C33 — C34 — C35 


1 in 1 /a \ 

119.3 (3) 


p a A /' ^ A /I p a ^ 

C39 — C34 — C35 


1 1 O 1 / A \ 

118.2 (4) 


PA/- PA C p A A 

C36 — C35 — C30 


1 1 A A /A\ 

123.3 (3) 


p -> / PA C /-"'"> /I 

C36 — C35 — C34 


117.8 (3) 


PAA PA C P "> /I 

C30 — C35 — C34 


1 1 O A /1\ 

118.9 (3) 


PA"7 p A PAC 

C37 — C36 — C35 


111 A / A \ 

121.4 (4) 


p A -7 p -) /_ t TAT) 

C3 7 — C 3 6 — H9B 


1 1 A T 

119.3 


/'■'AC PA/" TTAl~i 

C3 5 — C3 6 — H9B 


119.3 


C36 — C37 — C38 


1 OA H ( A \ 

120.7 (4) 


r~**i i~*~in t t 1 AT) 

C36 — C37 — HlOB 


1 1 A £. 

119.6 


C38 — C37 — HlOB 


119.6 


PAA p A o p A -7 

C39 — C38 — C37 


1 1 A O i A\ 

119.8 (4) 


/~"5A ri'lO TJ1 1 D 

C39 — C38 — HI its 


1 OA 1 

lzO.l 


nin mo TT 1 1 1") 

C37 — C38 — HI IB 


1 1 A 1 

lzO.l 


p a O PAA p A /I 

C38 — C39 — C34 


111 A i A\ 

122.0 (4) 


p a o pin Tji in 

C38 — C39 — H12B 


1 1 A A 

119.0 


C34 — C39 — HlzB 


linn 
119.0 


07 — C40 — 09 


125.7 (4) 


07 — C40 — C4l 


117.0 (4) 


t~\(~\ p /1 /"» p A 1 

09 — C40 — C41 


117.3 (4) 


P 1 /\ p /] 1 p /I A 

C40 — C4I — C4z 


1 T A A / Z\ 

130.0 (5) 


C40 — C4l — C42 


98.4 (5) 


C42 — C4 1 — C42 


55.2 (5) 


p ^ p\ p /i 1 T T 1 /I A 

C40 — C41 — H14A 


104.8 


C42 — C4 1 — H 1 4 A 


1 A A O 

104.8 


Z" 1 dl' P /I 1 T T 1 A A 

C42 — C4 1 — H 1 4 A 


72.1 


p ^ /\ p ^1 T T 1 /I T* 

C40 — C41 — H14B 


104.8 


f~" A^t A 1 TT1/1T) 

C42 — C4 1 — H 1 4B 


1 A A O 

104.8 


C42 — C4 1 — H 1 4B 


it/ i 
156.4 


T T 1 /I A /"~ 1 /11 T T 1 A T~*k 

H14A — C4l — H14B 


105.8 


P ^ p\ p /I 1 T T I A p 

C40 — C4 1 — H 1 4C 


112.0 


p A p /I 1 TT1 /|/-1 

C42 — C4 1 — H 1 4C 


i n /i 

117.4 


p <A/ p < 1 T T 1 /I P 

C42 — C41 — H14C 


113.7 


T T 1 /I A p J 1 t T 1 >1 P 

H14A — C41 — H14C 


44.3 


T T 1 /I F"» P /II T T 1 /I /" ^ 

H 1 4B — C4 1 — H 1 4C 


61.5 


/—• a r\ p a 1 TT 1 /I T~\ 

C40 — C41 — HMD 


O C 1 

85.2 


A ^ A 1 TT1/1 T^ 

C42 — C4 1 — H 1 4U 


Ol 1 

87.2 


/~i/1^' t~~* A 1 TT1/1 

C42 — C4 1 — H 1 4U 


1 AA A 

133.4 


TT1/IA ri/1 1 TT1/1T^ 

H14A — C41 — H14D 


1 C 1 A 

151.9 


r r i (iri TJ1/1 T^ 

H14B — C41 — H14U 


A C 'I 


H14C— C41— HMD 


107.5 


C43— C42— C47 


119.7(7) 


C43— C42— C41 


121.4 (7) 


C47— C42— C41 


118.7(7) 


C42— C43— C44 


120.3 (8) 
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C13 — G14 — H14E 


107.9 


f • -1 C /""I 1/1 TT1 

C15 — C14 — H14F 


107.9 


C13 — C14 — H14F 


107.9 


T T 1 A T~ ' /"I 1/1 TTI ilT 

H 1 4E — C 1 4 — H 1 4F 


107.2 


C 1 6 — C 1 5 — C20 


119.2 (3) 


C16 — C15 — C14 


120.0 (4) 


C20 — C15 — C14 


120.7 (3) 


/"< 1 C 1 /" /~1 1 ^ 

Cl5 — Cl6 — Cl7 


121.0 (5) 


pi f /"• 1 /_ TTI /" * 

L 1 5 — C 1 6 — H 1 6 A 


1 1 C\ c 

119.5 


C17 — C16 — H16A 


119.5 


C18 — C17 — Clo 


120.5 (5) 


f • -1 Q /" * 1 "7 TTia * 

C 1 8 — C 1 7 — H 1 7 A 


119.8 


Clo — C17 — H17A 


119.8 


C17 — C18 — C19 


1 c \ / a \ 

120.9 (4) 


/"< 1 *7 /" 1 1 O T T 1 O A 

Cl7 — Cl8 — H18A 


119.5 


/" • i rv /-i , o tti o A 

C19 — C18 — H18A 


119.5 


C18 — C19 — C20 


119.1 (4) 


1 O P 1 ft /- ■> ^ ^ 

CI 8 — C19 — C24 


1 11 1 /f \ 

122.3 (5) 


C20 — C19 — C24 


118.6 (5) 


C21 — C20 — C19 


117.8 (4) 


Cz 1 — CzO — L 1 5 


123.0 (3) 


C19 — C20 — C15 


1 1 r\ i / a \ 

119.2 (4) 


C22 — C21 — C20 


120.6 (5) 


f ' /-» f-\ /-"I i-\ A TTA1 * 

C22 — C21 — H21A 


119.7 


C20 — C21 — H21A 


1 1 A 7 

119.7 


C21 — C22 — C23 


121.0 (6) 


C2 1 — C22 — H22 A 


119.5 


C23 — C22 — H22A 


119.5 


C24 — C23 — C22 


i i a 7 i £L\ 

119.7 (6) 


C24 — C23 — H23A 


120.1 


r ^\ ^\ •"> TT11 A 

C22 — C23 — H23A 


120.1 


C23 — C24 — C19 


111 i / y\ 

122.3 (6) 


f ">^> /~<i a in a a 

C23 — C24 — H24A 


1 1 O A 

118.9 


r * 1 s\ /"1 A T T^ A A 

C 1 9 — C24 — H24 A 


118.9 


05 — C25 — Nl 


125.4 (3) 


r\c TTor * 

05 — C25 — H25A 


1 11 1 

122.7 


XT1 /-"■•-» ^ TT^f A 

N 1 — C25 — H25 A 


111.9 


Nl — C26 — H26A 


109.5 


Nl — C26 — H26B 


109.5 


H26A — C26 — H26B 


1 AA C 

109.5 


N 1 — C26 — H26C 


109.5 


H26A — C26 — H26C 


109.5 


TTI / T~"» /- ■> -"\ x TT^/" 

H26B — C26 — H26C 


109.5 


Nl— C27— H27A 


109.5 


Nl— C27— H27B 


109.5 


H27A— C27— H27B 


109.5 


Nl— C27— H27C 


109.5 


H27A— C27— H27C 


109.5 


H27B— C27— H27C 


109.5 



S~ < A ^ /—i A 1 TT1 /"Tl 

C42 — C43 — H 1 6B 


119.8 


/~i /i /i /~i /ii t t 1 /"n* 

C44 — C43 — H 1 6B 


119.8 


/~< /I ^ /~< /I /I /~1 /I 1 

C45 — C44 — C43 


120.8 (9) 


C45 — C44 — H44 


lift/ 

119.6 


f ^ A ^> A A T1 A A 

C43 — C44 — H44 


119.6 


C44 — C45 — C46 


121.1 (8) 


A A A C T T 1 on 

C44 — C45 — H 1 8B 


1 1 ft A 

119.4 


x~i ^ /-- /-i /i /- T T 1 on 

C46 — C45 — H18B 


119.4 


L45 — C46 — L5 1 


111 A {(W 

121.4 (9) 


/~" A C /" "• /I /" /" ' /I -7 

C45 — C46 — C47 


1 1 ft 1 /o\ 

119.2 (8) 


C51 — C46 — C47 


119.5 (9) 


C42 — C47 — C4 8 


122.5 (7) 


C42 — C47 — C46 


1 1 ft A SO\ 

119.0 (8) 


C48 — C47 — C46 


118.6 (8) 


C49 — C48 — C47 


1 /-\ c f 1 /"V\ 

120.5 (10) 


f • a r\ /-i a q T T1 1 

C49 — C48 — H21B 


H9.8 


f ' a -7 /-i /i o T T1 1 r> 

C47 — C48 — H21B 


H9.8 


C48 — C49 — C50 


i i r\ /-> /-|/-\\ 

119.2 (12) 


/~1 H O /~1 /I A TT11 T~i 

C48 — C49 — H22B 


120.4 


/~i ^" /A /~1 /I A TT11 T~i 

C50 — C49 — H22B 


120.4 


C51 — C50 — C49 


11ft 1 / 1 ft\ 

120.2 (10) 


C5 1 — C50 — H23B 


1 1 ft ft 

119.9 


C49 — C50 — H23B 


119.9 


/-if A /-ir i a /~ 

C50 — C51 — C46 


11ft T / 1 ft\ 

120.7 (10) 


r ' Z i\ fCI TTI A Ti 


119.6 


C46 — C5 1 — H24B 


119.6 


C43 — C42 — C47 


1 r\ r\ s~ /1T\ 

120.6 (ll) 


/~1 /I 1 f /" /l 1 f y~1 /i 1 

C43 — C42 — C41 


11") ft / 1 A\ 

113.0 (10) 


C^A'lt /~* /II? n/1 1 

C47 — C42 — C41 


11/" ft /11\ 

126.0 (11) 


/~i A !~\ t f "* /111 /~1 A A f 

CAT — C43 — C44 


1 1 o f\ /1^\ 

H8.0 (12) 


/~i /i i f a f TI1 

C42 — C43 — H 1 6 


121.0 


C44 — C43 — H 1 6 


111 ft 

121.0 


A C f t~~* A At /~i A ") 1 

C45 — C44 — C43 


111 f /ii\ 

121.5 (12) 


/~1 ACt A A f TT1 71 

C45 — C44 — HI 7 


119.2 


/~1 /I 1 f /" ■> /l/lf TTI 7/ 

C43 — C44 — HI 7 


119.2 


(-*, Aft /"I ACt /~1 A At 

C46 — C45 — C44 


11ft C /1")\ 

119.5 (13) 


Z" 1 ATI ACt TT1 Of 

C46 — C45 — HI 8 


120.3 


Z" 1 A A f ACt Til O' 

C44 — C4 5 — H 1 8 


120.3 


/"l ACt f "• A f~ t f ' C 1 ' 

C45 — C46 — C5 1 


111 C /11\ 

122.5 (12) 


t^ACt A /" t All 

C45 — C46 — C47 


110 O /11\ 

118.8 (11) 


C5 1 — C46 — C47 


1 1 o "7 / 1 1 \ 

H8.7 (ll) 


C42 — C47 — C4 8 


121.6 (ll) 


C42 — C47 — C46 


111 A /I 1 \ 

121.4 (ll) 


C48'— C47'— C46' 


H6.9 (ll) 


C49'— C48'— C47' 


H9.9 (12) 


C49'— C48'— H21' 


120.1 


C47'— C48'— H21' 


120.1 


C48'— C49'— C50' 


120.7 (14) 


C48'— C49'— H22' 


119.7 
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08" — Cu2 — 07 


on £LH / 1 /I \ 

89.67 (14) 


C50 — L49 — H22 


1 1 n *7 

119.7 


08" — Cuz — 06 


1 /" o nn / 1 1 \ 

168.00 (11) 


C51 — C50 — C49 


1 O 1 A i 1 

121.4 (16) 


(J 7 — Cuz — Oo 


89.60 (11) 


/np 1 1 rif/\( T to 'I t 

C51 — C50 — H23 


1 1 A 1 

119.3 


Oo — Cuz — 09 


on oo /1 /i\ 

89.22 (14) 


C49 — C50 — H23 


1 in i 

119.3 


Ov — Cuz — 09 


167.85 (11) 


C5U — C5 1 — L46 


122.4 (13) 


Oo — Cuz — 09" 


oo no / 1 i \ 

88.98 (13) 


Z" 1 C f\t / ^ f 1 1 T TO ,1 ' 

C50 — C5 1 — H24 


118.8 


/"\Oii C ' O /~\ 1 n 

08" — Cu2 — OlO 


t\ /■ -to / 1 0\ 

96.72 (12) 


C46 — C5 1 — H24 


1 1 O O 

118.8 


/"iT /""I O f ^ 1 A 

07 — Cuz — OlO 


95.71 (11) 


010 — C52 — N2 


125.3 (4) 


Oo — Cuz — OlO 


nc n /i i\ 

95.27 (11) 


0 1 0 — L52 — H25B 


125.7 


09" — Cuz — OlO 


r\f~ A A /1 1 \ 

96.44 (11) 


TV TO /" "• CO TTO m 

N 2 — C 5 2 — H2 5 B 


109.0 


/~\ 0 1 1 /" o /""I On 

O 8 11 — Cu2 — Cu2 11 


Of o "7 ZO\ 

85.27 (8) 


TV TO /" C ") T TO /"T"\ 

N2 — C53 — H26D 


1 nn c 

109.5 


f \~J s~i o /- ■> oil 

07 — Cu2 — Cu2" 


O O /I 1 /ON 

83.41 (8) 


TV TO C ") T TO /"T" 1 

N2 — C53 — H26E 


109.5 


Oo — Cu2 — Cu2" 


OO *7C /*7\ 

82.75 (7) 


H26D — L53 — H26b 


1 nn c 

109.5 


09" — Cu2 — Cu2" 


OA A A /ON 

84.44 (8) 


TV TO f A C1 TTT/T 

N2 — C53 — H26F 


1 nn c 

109.5 


0 1 0 — Cu2 — Cu2" 


1 nn OO ZO\ 

177.82 (8) 


T TO /" T~"\ /~1 CO T TO vT 

H26D — C53 — H26F 


109.5 


C28 — Oo — Cu2 


1 o /i n /o \ 

124.0 (3) 


TTO/"! -1 /nr i TTOvT 

H26E — C53 — H26F 


109.5 


C40 — 07 — Cu2 


124.0 (3) 


TvTO /~if /| TTITH 

N 2 — L 5 4 — H2 7 D 


1 nn c 

109.5 


lzo — wo — v^uz 


191 (7\ 

1Z1.U I Z 1 


1\T? C^d T-T97F 
inz, — ^Jt — n z. / j_, 


1 0Q S 


C40— 09— Cu2" 


122.4 (3) 


H27D— C54— H27E 


109.5 


C52— OlO— Cu2 


123.1 (3) 


N2— C54— H27F 


109.5 


C52— N2— C53 


120.1 (4) 


H27D— C54— H27F 


109.5 


C52— N2— C54 


123.3 (4) 


H27E— C54— H27F 


109.5 


C53— N2— C54 


116.5 (4) 







Symmetry codes: (i) -x+2, -y+l, -z+1; (ii) -x+l, -y+2, -z. 
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